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Introduction: Little is known about risk factors of dementia in Latin American countries.
We aimed to identify socio–demographic, health and lifestyle risk factors of incident
dementia in Cuban older adults.
Methods: Data were from 1,846 participants in the Cuban cohort of the 10/66 Dementia
Research Group. Participants completed questionnaires, health examinations, and
cognitive tests at baseline (2003–2006) and 4.5 years later (2007–2010). Associations
between risk factors (baseline) and incident dementia (follow-up) were examined using
logistic regression.
Results: Just over 9% of participants developed dementia. Overall, older age and low
physical activity were associated with incident dementia. In those 65–74 years of age,
depression, stroke and low physical activity were associated with incident dementia.
In those ≥75 years of age, low physical activity, never eating fish, and smoking were
associated with incident dementia.
Conclusions: Modifiable lifestyle factors play an important role in developing dementia
in Cuban older adults. This knowledge opens up opportunities for preventive strategies.
Keywords: dementia, risk profile, lifestyle, older adults, epidemiology
INTRODUCTION
Two-thirds of the people living with dementia live in low- and middle-income countries (LMIC)
(1). Due to population aging and changing lifestyles, the prevalence of dementia risk factors such as
midlife hypertension and diabetes is rapidly increasing in these countries (2, 3). Over the coming
decades, the largest increase in dementia prevalence will be in LMIC (1, 4). In 2015, 27.3 million
people lived with dementia in LMIC. This number is projected to increase to 89.3 million in 2050
(1). Until there is a cure, implementation of evidence-based preventive strategies is crucial to reduce
the impact of dementia on the society and the economy. There is strong evidence that the dementia
risk in populations can be lowered by reducing the prevalence of risk factors (5, 6).
While many researchers have examined risk factors of dementia in high income countries (HIC),
little is known about risk factors for dementia in LMIC. Findings from HIC cannot necessarily be
extrapolated to LMIC as the prevalence of dementia and established risk factors differ between
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LMIC and HIC (7, 8). A study in which population attributable
fractions (PAF) were estimated for nine health and lifestyle
factors, showed that for seven of the nine risk factors the PAF
was much higher in Latin America than worldwide (6, 9).
Moreover, the overall PAF was much higher in Latin America
[55.8%, confidence interval [CI]: 54.9–56.7] than worldwide
(35%, CI: 34.1–35.9), suggesting that health and lifestyle factors
may contribute more to the dementia risk in Latin American
countries than in other countries (9). Previous Latin American
studies have shown associations between individual risk factors,
such as tobacco use and APOE genotype, and dementia (10, 11).
In two studies in Mexico (12) and Argentina (13) risk profiles
of cognitive impairment were examined, but a comprehensive
analysis of factors associated with increased dementia risk
is lacking.
Given the absence of a cure and limited resources for
healthcare in Cuba, the policy focus is on prevention. To guide
preventive strategies, it is pivotal that we know which risk factors
are most important for focused health promotion programs in
Cuba. The aim of the present study was to identify risk factors
for incident dementia in Cuban older adults. The focus was on
socio-demographic, health and lifestyle factors, with a particular
interest to identify potentially modifiable factors.
METHODS
Setting and Study Design
The data used in this study were from the Cuban cohort of
the 10/66 Dementia Research Group, a population-based cohort
study designed to examine the prevalence and determinants
of stroke, dementia and mortality in LMIC (14, 15). For
the current analyses, data were used from the first (2003–
2005) and second (2007–2010) data collection waves, that
involved clinical and informant interviews, physical examination,
and blood draws collected by trained interviewers (15). The
variables were measured using the same methods across the
data collection waves. Where available, translated, culturally
adapted and validated instruments were used (see §2.3 for details
per variable).
Written informed consent was obtained from all participants.
The design of the 10/66 study and protocols for data collection
were described in detail elsewhere (14) and were approved
by the Medical Ethics committee of the University of Havana
and the King’s College London research Ethics Committee.
Additional ethics approval for the current study was obtained
from the Medical Ethics committee of the University of Havana
and the Trinity College Dublin Faculty of Health Sciences
Ethics Committee.
Participants
All residents aged 65 years and over in geographically defined
catchment areas (urban and rural sites in Cuba) were invited
to participate through door knocking (94% response rate) (14).
Baseline surveys were completed by 2,813 participants in 2003–
2005. Of these, 806 participants were lost to follow up (see
Figure 1 for further details) and 2007 participants completed the
follow-up interview in 2007–2010 (average follow-up of 4.5 years,
FIGURE 1 | Flow chart. Describing the flow of participants in the study,
attrition, and selection of participants in the analyses sample.
range 2–7) Participants with a dementia diagnosis at baseline (n
= 115) or missing data on dementia diagnosis (n= 40) or age (n
= 6) were excluded from the analyses. Therefore, data from 1,846
participants were included in the current analyses.
Measures
Incident Dementia
Incident dementia was operationalized using two methods
previously developed and validated by the 10/66 Dementia
Research Group (16, 17). The first method is a regression
algorithm based upon: (a) a structured Geriatric Mental State
interview (18), (b) cognitive tests including the Community
Screening Instrument for Dementia (CSI-D) (19), verbal fluency
task, object recognition and modified CERAD 10 word list
learning task with delayed recall (20) and; (c) an informant
interview (CSI-D) (19) for evidence of cognitive and functional
decline. Participants scoring above a prediction probability
cutpoint are defined as having dementia. The second method
is based on operational definitions of the DSM IV criteria
(21). Although the DSM-IV does not specify a criterion for the
diagnosis of dementia, this could be inferred from the common
elements of the DSM-IV criteria for each of the dementia
sub-type diagnoses (21). The criteria for DMS-IV diagnosis
were: impairment in memory and at least one other domain
of cognitive function; impairment in social or occupational
functioning, and representing a decrease from a previous
level of functioning; not occurring exclusively during delirium;
and not better accounted for by another mental disorder.
Validation of the two definitions of dementia in the 10/66
cohort, demonstrated that the DSM-IV criterion was specific
but insensitive to mild to moderate dementia (16). The 10/66
dementia algorithm corresponded better to clinician diagnosis
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and was more sensitive to milder cases (16). To capture the
maximum number of cases with dementia, all participants who
met the criteria for at least one of the two definitions were
classified as having dementia. Participants with dementia at
baseline were excluded from the analyses. Participants with
new onset dementia at follow-up were classified as having
incident dementia.
Sociodemographic Factors
The socio-demographic variables were based on self- or
informant-report and included: age (≤75 years and >75
years), sex, level of education [completed primary or less,
secondary, or tertiary education [i.e., college/university]],
marital status (response options collapsed as married/cohabiting;
widowed/divorced/separated; never married) and occupational
class (professional trade; skilled laborer; laborer).
Health Factors
Hypertension was measured and dichotomized using the ISH
criterion of ≥140 mmHg for systolic and ≥90 mmHg for
diastolic bloodpressure. Waist circumference was measured
using standard procedures and obesity was defined as a waist
circumference of >102 cm. Total and LDL cholesterol were
derived from blood samples and high levels were defined
as levels exceeding the 75th percentile in the distribution
(total: ≥6 mmol/L, LDL: ≥4.3 mmol/L). Presence of doctor
diagnosed diabetes, stroke, head trauma (i.e., head injury with
loss of conscious) and ischemic heart problems (i.e., myocardial
infarction and/or angina) were based on self-report. Depression
was measured using the Geriatric Mental State Examination,
and its computerized algorithm AGECAT, which provided
International Classification of Disease 10 (ICD10) depressive
episode diagnoses (15). Hearing and eye problems were based on
self-report and were considered present if these caused at least
some difficulty in daily life. The presence of sleep complaints was
based on the question “Have you had trouble sleeping recently?”
Family history of dementia were based on self-report. Cognitive
function was based on a sum score of the cognitive test battery.
Lifestyle Factors
Lifestyle factors were based on self-report or informant report
if severely demented. Participants were asked to report the
maximum usual consumptions by type of drink per week before
and after the age of 65 years. Hazardous drinking was defined
as 14 units/week for women and 21 units/week for men (with
one unit being defined as a small glass of beer, a single measure
of spirits [32 units per bottle], or one glass of wine or sherry).
Smoking status was defined as never or ex-smoker vs. current
smoker. Physical activity was assessed with the question: “Taking
into account both work and leisure, would you say that you are:
very, fairly, not very, or not at all physically active?” Participants
were asked to report the frequency of fish and meat consumption
(response options were: every day, some days, most days, or
never) and the number of fruit and vegetable servings in the past
3 days (categorized as ≤3, 4–8, and ≥9).
Statistical Analysis
Descriptive statistics were used to describe and compare baseline
characteristics of participants (i) with and without incident
dementia, and (ii) whose data were included in the analyses with
those who were lost to follow-up. While 40.8% of the sample had
missing data on at least one risk factor, only two variables had
more than 10% missing data. Multiple imputation by chained
equations was used to imputemissing values and 20 datasets were
created (22). Pooled results are presented for the main analyses.
Logistic regression was used to examine associations between
potential risk factors and incident dementia. Univariable models
were run for each potential risk factor separately, with adjustment
for sex and education. The multivariable models included age,
sex, education and all risk factors with odds ratios (OR) of
≤0.75 or ≥1.4 in the univariable models. These cut-points were
based on effect size rather than p-values or confidence intervals
(CI), as we wanted to prioritize clinical relevance over statistical
significance. As previous studies have shown that the strength of
associations between risk factors and dementia varies with age
(23), the findings are presented for the total sample and separately
for the age-groups 65–74 and ≥75 years.
RESULTS
Data from 1,846 participants without dementia at baseline were
used for the current analyses (Figure 1). Participants whose
data were included were younger, healthier and had better
lifestyles than participants who were lost to follow-up (Figure 1,
Appendix Table A). Of the included participants, 169 (9.2%)
developed dementia between baseline and follow-up. Participants
who developed dementia were older (p < 0.001), less likely to
have completed tertiary education (p = 0.002), and more likely
to be widowed, divorced, or separated (p < 0.001) at baseline
than those who did not develop dementia. Moreover, they had
poorer cognition, less healthy lifestyles andmore health problems
(Table 1). Among the 1,132 participants who were 65–74 years
old at baseline, 61 (5.4%) had incident dementia. Among the 714
participants who were≥75 years old at baseline, 108 (15.1%) had
incident dementia.
In the total sample, statistically significant univariable
associations with incident dementia were found for the
risk factors age, education, marital status, obesity, stroke,
depression, physical activity, fish consumption, fruit and
vegetable consumption and family history (Table 2). In the
multivariable model, these associations remained statistically
significant for the risk factors age (≥75 years vs. 65–74
years: OR = 2.70, 95% CI = 1.90–3.84), marital status
(widowed/divorced/separated vs. married/cohabiting: OR =
1.63, 95% CI = 1.10–2.41), physical activity (somewhat active
vs. highly active: OR = 1.81, 95% CI = 1.13–2.90; not
(very) active vs. highly active: OR = 2.29, 95% CI =
1.49–4.16), fish consumption (regular vs. rarely: OR = 1.77,
95% CI = 1.06–2.95) and fruit and vegetable consumption
(≤3 vs. ≥9 servings: OR = 1.96, 95%CI = 1.15–3.35)
(Table 3).
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Age (M ± SD) 1,846 73.1 ± 5.9 77.8 ± 6.5 < 0.001
Sex (n, %) 1,846 0.17
Female 1,103 (65.8) 120 (71.0)
Male 576 (34.2) 49 (29.0)
Education (n, % level completed) 1,843 0.002
Tertiary/college 310 (18.5) 15 (8.9)
Secondary 473 (28.3) 43 (25.4)
None/primary 891 (53.2) 111 (65.7)
Marital status (n, %) 1,843 < 0.001
Married/cohabiting 787 (47.0) 54 (32.0)
Widowed/divorced/separated 738 (44.1) 102 (60.4)
Never married 149 (8.9) 13 (7.7)
Occupational class (n, %) 1,753 0.02
Professional (1–3) 675 (42.3) 48 (30.8)
Trade (4,5) 206 (12.9) 28 (18.0)
Skilled laborer (6,7) 452 (28.3) 55 (35.3)
Laborer (8,9) 264 (16.5) 25 (16.0)
Hypertension (n, %) 1,842 960 (57.4) 109 (64.5) 0.07
Obesity (n, %) 1,838 694 (41.6) 53 (31.6) 0.01
High total cholesterol (n, %) 1,482 374 (28.0) 40 (27.0) 0.80
High LDL cholesterol (n, %) 1,126 239 (23.6) 33 (28.7) 0.23
Diabetes (n, %) 1,840 299 (17.9) 28 (16.6) 0.67
Depression (n, %) 1,827 458 (27.6) 61 (36.8) 0.01
Stroke (n, %) 1,842 80 (4.8) 17 (10.1) 0.003
Ischemic heart problem (n, %) 1,844 225 (13.4) 18 (10.7) 0.31
Head Trauma (n, %) 1,839 91 (5.4) 8 (4.8) 0.72
Hearing problem (n, %) 1,843 132 (7.9) 22 (13.0) 0.02
Eye problem (n, %) 1,840 436 (26.1) 62 (36.7) 0.003
Current high-risk alcohol use (n, %) 1,822 48 (2.9) 7 (4.1) 0.37
Past high-risk alcohol use (n, %) 1,824 107 (6.5) 13 (7.7) 0.54
Smoking (n, % current smoker) 1,842 313 (18.7) 30 (17.8) 0.76
Physical activity (n, %) 1,840 < 0.001
Highly active 515 (30.8) 27 (16.1)
Somewhat active 777 (46.5) 81 (48.2)
Not (very) active 380 (22.7) 60 (35.7)
Fish consumption (n, % never) 1,842 129 (7.7) 23 (13.6) 0.008
Meat consumption (n, % never/some days) 1,842 1,077 (64.4) 112 (66.3) 0.62
Fruit & vegetable servings 1,843 0.001
9 or more in last 3 days 322 (19.2) 19 (11.2)
4–8 in last 3 days 683 (40.8) 58 (34.3)
3 or fewer in last 3 days 669 (40.0) 92 (54.4)
Sleep complaints (n, %) 1,842 567 (33.9) 50 (29.6) 0.26
Family history (n, %) 1,842 291 (17.4) 38 (22.5) 0.10
Cognitive function (Md [IQR]) 1,846 31.2 [30.0–32.1] 29.8 [27.7–31.2] < 0.001
IQR, interquartile range; M, mean; Md, median; n, numer of participants with available data; SD, standard deviation.
Normally distributed continuous variables were described as means and standard deviation and groups were compared using the t-test. Not-normally distributed continuous variables
were described as median and interquartile range and groups were compared using the Wilcoxon singed rank test. Categorical variables were described as numbers and percentages,
and groups were compared using the Chi-squared test.
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TABLE 2 | Univariable associations between potential risk factors and incident dementia in the total sample (n = 1,846), and stratified by age.
Total sample 65–74 years ≥75 years
OR 95% CI* OR 95% CI* OR 95% CI*
Age
65–74 years 1
≥75 years 2.87 2.05–4.02
Sex
Women 1 1 1
Men 0.85 0.59–1.21 0.88 0.50–1.54 0.83 0.53–1.32
Education
Tertiary 1 1 1
Secondary 1.62 0.88–2.99 2.10 0.87–5.07 1.18 0.50–2.78
None/primary 1.85 1.05–3.27 2.57 1.12–5.88 1.30 0.59–2.83
Marital status
Married/cohabiting 1 1 1
Widowed/divorced/separated 1.70 1.16–2.48 1.79 1.00–3.19 1.63 0.99–2.69
Never married 1.13 0.60–2.15 1.62 0.64–4.10 0.84 0.35–2.03
Occupational class
Professional (1–3) 1 1 1
Trade (4,5) 1.48 0.88–2.50 1.43 0.63–3.23 1.55 0.77–3.11
Skilled laborer (6,7) 1.26 0.79–2.00 1.41 0.69–2.88 1.19 0.65–2.18
Laborer (8,9) 0.98 0.56–1.69 0.85 0.34–2.15 1.06 0.53–2.12
Hypertension 1.25 0.89–1.74 1.30 0.77–2.22 1.21 0.79–1.86
Obesity 0.62 0.44–0.89 0.56 0.32–0.99 0.67 0.42–1.05
Total cholesterol 0.98 0.67–1.43 1.23 0.69–2.18 0.83 0.50–1.37
LDL cholesterol 1.31 0.86–1.97 1.64 0.91–2.95 1.09 0.62–1.92
Diabetes 0.91 0.59–1.40 1.24 0.67–2.32 0.71 0.38–1.29
Head Trauma 0.96 0.45–2.04 0.87 0.26–2.86 1.03 0.39–2.74
Stroke 2.16 1.23–3.79 3.38 1.51–7.61 1.55 0.72–3.35
Ischemic heart problems 0.70 0.42–1.17 0.22 0.05–0.90 1.00 0.56–1.79
Depression 1.49 1.06–2.09 1.90 1.11–3.27 1.27 0.81–1.98
Hearing problem 1.32 0.80–2.16 0.98 0.30–3.26 1.41 0.81–2.44
Eye problem 1.39 0.99–1.95 1.02 0.56–1.86 1.64 1.08–2.50
Current high–risk alcohol use 2.24 0.96–5.26 2.53 0.91–7.00 1.71 0.34–8.54
Past high–risk alcohol use 1.60 0.83–3.07 2.17 0.92–5.10 1.11 0.40–3.07
Smoking status 1.29 0.83–2.01 0.77 0.40–1.50 2.17 1.19–3.96
Physical activity
Highly active 1 1 1
Somewhat active 1.76 1.11–2.77 2.80 1.33–5.92 1.26 0.70–2.26
Not (very) active 2.47 1.52–4.01 2.77 1.20–6.42 2.17 1.19–3.95
Never eating fish 1.77 1.09–2.87 1.01 0.39–2.59 2.30 1.27–4.15
Never/some days eating meat 0.94 0.67–1.32 0.84 0.48–1.46 1.01 0.66–1.56
Fruit & vegetable servings
9 or more in last 3 days 1 1 1
4–8 in last 3 days 1.34 0.78–2.30 1.80 0.72–4.54 1.10 0.56–2.17
3 or fewer in last 3 days 2.16 1.28–3.62 2.88 1.19–7.00 1.77 0.92–3.39
Sleep complaints 0.74 0.52–1.05 0.70 0.39–1.26 0.75 0.48–1.18
Family history 1.53 1.03–2.26 1.67 0.92–3.03 1.41 0.83–2.37
OR odd ratio; 95%CI 95% confidence interval.
*Associations were adjusted for sex and education.
In the younger age-group (65–74 years), statistically
significant univariable associations with incident dementia
were found for the risk factors education, marital status,
obesity, stroke, ischemic heart problems, depression, physical
activity, and fruit and vegetable consumption (Table 2). In the
multivariable model, these associations remained statistically
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TABLE 3 | Multivariable models for the total sample (n = 1,846), and stratified by age.
Total sample 65–74 years ≥75 years
OR 95% CI OR 95% CI OR 95% CI
Age
65–74 years 1
≥75 years 2.70 1.90–3.84
Sex
Women 1 1 1
Men 0.84 0.54–1.29 0.78 0.39–1.56 0.88 0.50–1.56
Education
Tertiary 1 1 1
Secondary 1.72 0.90–3.31 2.29 0.89–5.87 1.16 0.45–2.99
None/primary 1.74 0.90–3.38 2.44 0.91–6.55 1.15 0.45–2.93
Marital status
Married/cohabiting 1 1 1
Widowed/divorced/separated 1.63 1.10–2.41 1.81 0.98–3.35 1.56 0.92–2.65
Never married 0.87 0.45–1.70 1.51 0.56–4.05 0.61 0.24–1.54
Occupational class
Professional (1–3) 1 1 1
Trade (4,5) 1.47 0.86–2.53 1.33 0.56–3.13 1.59 0.76–3.30
Skilled laborer (6,7) 1.14 0.70–1.85 1.15 0.53–2.48 1.11 0.58–2.11
Laborer (8,9) 0.77 0.43–1.40 0.67 0.25–1.79 0.82 0.38–1.75
Hypertension
Obesity 0.63 0.43–0.91 0.58 0.32–1.05 0.64 0.39–1.03
Total cholesterol
LDL cholesterol 1.66 0.89–3.08
Diabetes
Head trauma
Stroke 1.81 1.00–3.28 3.08 1.25–7.58 1.41 0.62–3.22
Ischemic heart problems 0.71 0.42–1.21 0.23 0.05–0.99
Depression 1.39 0.96–2.00 1.80 1.02–3.19
Hearing problem 1.04 0.56–1.91
Eye problem 1.48 0.94–2.32
Current high–risk alcohol use 2.10 0.68–6.49 1.52 0.34–6.67 1.44 0.26–7.84
Past high–risk alcohol use 1.27 0.54–2.99 1.86 0.56–6.17
Smoking status 2.21 1.17–4.16
Physical activity
Highly active 1 1 1
Somewhat active 1.81 1.13–2.90 2.74 1.27–4.36 1.24 0.67–2.28
Not (very) active 2.29 1.49–4.16 2.67 1.08–6.59 2.05 1.06–3.94
Never eating fish 1.77 1.06–2.95 2.44 1.28–4.66
Fruit & vegetable servings
9 or more in last 3 days 1 1 1
4–8 in last 3 days 1.26 0.72–2.21 1.68 0.65–4.36 1.07 0.53–2.16
3 or fewer in last 3 days 1.96 1.15–3.35 2.22 0.88–5.59 1.81 0.92–3.57
Sleep complaints 0.62 0.42–0.90 0.57 0.30–1.06
Family history 1.47 0.98–2.22 1.70 0.91–3.19 1.42 0.82–2.48
OR Odds ratio, CI 95% confidence interval.
Multivariable models include age, sex, education, plus all risk factors with ORs<0.75 or >1.40 in the univariable models (Table 2).
significant for the risk factors stroke (yes vs. no: OR = 3.08, 95%
CI = 1.25–7.58), ischemic heart problems (yes vs. no: OR =
0.23, 95% CI = 0.05–0.99), depression (yes vs. no: OR = 1.80,
95% CI = 1.02–3.19) and physical activity (somewhat active vs.
highly active: OR = 2.74, 95% CI = 1.27–4.36; not (very) active
vs. highly active: OR= 2.67, 95% CI= 1.08–6.59) (Table 3).
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In the older age-group (≥75 years), statistically significant
univariable associations with incident dementia were found for
the risk factors eye problems, smoking status, physical activity
and fish consumption (Table 2). In themultivariablemodel, these
associations remained statistically significant for the risk factors
smoking status (current vs. never/ex-smoker: OR= 2.21, 95% CI
= 1.17–4.16), physical activity (not (very) active vs. highly active:
OR = 2.05, 95% CI = 1.06–3.94) and fish consumption (regular
vs. rarely: OR= 2.44, 95% CI= 1.28–4.66) (Table 3).
DISCUSSION
This study is the first to present a comprehensive identification of
factors associated with incident dementia in Cuban older adults.
The results show that the risk profiles are different for adults aged
65–74 years and those aged ≥75 years. The risk factors for which
statistically significant associations were found with incident
dementia, were predominantly health factors in the younger age
group (i.e., stroke, ischemic heart problems, depression) and
lifestyle factors in the older age group (i.e., smoking, physical
activity, and fish consumption).
Changes in Risk Profiles With Age
The difference in risk profiles between the younger and the older
age groups is in line with previous studies in which changes
were found in associations between risk factors and dementia
with age. For some risk factors, associations seem to become
stronger with age (e.g., smoking) (24), whereas for other risk
factors associations seem to weaken with age (e.g., APOεE4,
blood pressure) (25–28). Several explanations may be possible.
First, lifestyle has a delayed, long term effect on health in general
and brain health in particular. Accumulation of lifestyle across
the lifespan, particularly during midlife, may be more important
than the lifestyle at a given point in time. Second, at older ages,
the higher prevalence of other chronic conditions may weaken
associations between risk factors and dementia (23), particularly
for risk factors that are common across chronic conditions, such
as lifestyle factors. Third, mixed patterns of dementia-pathology
are more common at older ages (29). Different risk factors may
be relevant for different dementia-pathologies and more difficult
to identify in mixed pathologies. This may also explain why fewer
risk factors were found in the older age group than in the younger
age group.
Lifestyle Factors
In line with previous studies that attributed a large part of the
dementia risk to lifestyle factors (9), lifestyle factors, particularly
physical activity, dominate the risk profiles in this cohort of
Cuban older adults. Previous studies using data from the wider
Latin American 10/66 cohort including data from Dominican
Republic, Mexico, Peru, Puerto Rico, Venezuela and Cuba (11),
have demonstrated that better scores on a cardiovascular health
index (based on physical activity, smoking, alcohol, hypertension,
obesity, cholesterol, glucose, and intake of meat, fish, fruits
and vegetables) was associated with lower risk of dementia
(30). The current study adds that, when each factor is viewed
independently, some but not all of these factors are associated
with dementia and the associations differ for the younger
and older age groups. These collective findings suggest that
either the association of the cardiovascular health index with
dementia risk is driven by individual factors rather than the
overall cardiovascular burden, or that some individual factors are
important only in combination with other factors.
The finding that never eating fish increases the risk of
dementia in the older age group is consistent with findings
from previous cross-sectional studies in Latin America (31) and
other LMIC (32). The beneficial effects of fish consumption
are attributed to the salutary effects of long-chain omega-3
polyunsaturated fatty acids on neurone membranes, vascular
anti-inflammatory properties and neuroplasticity (33).
Health Factors
Stronger associations with dementia were found with stroke and
depression in the younger age group, and with eye problems in
the older age group. As explained above, the attenuation of the
associations between chronic conditions and dementia with age
may be explained by the higher prevalence of chronic conditions
at older ages (23) and therefore reduced contrast between groups
with and without dementia. Also, chronic conditions acquired at
younger ages may reflect longer exposure to common underlying
risk factors.
The association between depression and incident dementia
has been previously demonstrated in the wider Latin American
10/66 cohort (34). That study identified substantial variation
between the countries in strength of associations, with the
strongest associations found in Cuba (Hazard Ratio [HR]: 2.48,
CI: 1.52–4.06) and Venezuela (HR: 2.12, CI: 1.16–3.87) and
no associations found in the Dominican Republic (HR: 1.01,
CI: 0.62–1.62) and Puerto Rico (HR: 0.81, CI: 0.19–3.48). The
researchers cited differences in prevalence of depression as the
main explanation for these variations (34). It may be interesting
to explore if these variations between countries remain after
stratification by age group.
Consistent with other studies, both in LMIC (35) and HIC
(36), stroke was a strong predictor of dementia, particularly
in the younger age group. Similar to previous Latin American
studies, diabetes was not associated with dementia (37). Contrary
to our expectations, ischemic heart disease was associated with
a reduced risk of dementia in the younger age group. This
likely results from survival bias as participants with ischemic
heart disease have higher mortality rates than participants
without ischemic heart disease and the risk of dementia increases
with age.
Hearing loss and vision loss have been associated with
dementia in HIC (38–42), but evidence for these associations
in Latin America or other LMIC is lacking. The current
results suggest that eye problems, but not hearing problems,
are associated with an increased risk of dementia in Cuban
older adults, but only in the older age group. Two theories
that may explain the associations between hearing and vision
problems and dementia are the causal pathway and the shared
etiological pathway (39). Panza et al. state there is currently no
epidemiological evidence to support a causal pathway between
hearing loss and dementia, but argue that more research
is needed to test these theories (39). Some evidence for a
shared etiological pathway between eye problems and dementia
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comes from a review in which the researchers described the
common underlying cardiovascular risk factors for cataract and
dementia (43).
In a recent systematic review, the researchers found that
insomnia was associated with a higher risk of Alzheimer’s disease
(three studies, pooled OR = 1.51, CI = 1.06–2.41) (44), but
not with all-cause dementia (12 studies, pooled OR = 1.17,
CI = 0.95–1.43) or vascular dementia (four studies, pooled
OR = 1.13, IC = 0.94–1.35). In contrast, we found that sleep
complaints were associated with a lower risk of dementia in
the total sample (OR = 0.63, CI = 0.43–0.92). It may be
that the question we used was insufficiently sensitive to pick
up sleep disturbances. Also, participants who were already
experiencing some cognitive decline at baseline (but did not
yet meet criteria for dementia) may have been less likely to
report sleeping complaints than participants with good cognitive
function, resulting in reporting bias. The findings may also partly
be explained by residual confounding.
Comparison With Risk Profiles in Other
Latin American Countries
Few researchers to date have examined risk factors for
dementia or cognitive impairment in Latin American countries.
In a prospective study among 3002 Mexican older adults
(aged 60+), risk factors were identified for severe cognitive
impairment (defined as low score on the Cross-Cultural
Cognitive Examination and difficulties with daily activities) (12).
A cross-sectional study among 1453 Argentinean older adults
(aged 60+) examined correlations between risk factors and
cognitive impairment (defined asMMSE≤ 22) (13). Comparison
of the risk profiles identified in these two studies and the current
study reveals some overlap but also some differences. In all
three cohorts, higher age and low education were associated with
dementia or cognitive impairment. Inactivity was associated with
dementia or cognitive impairment in the Argentinean and Cuban
cohorts, but not in the Mexican cohort. Stroke was associated
with dementia or cognitive impairment in the Mexican and
Cuban cohorts, but not in the Argentinean cohort. Diabetes
was associated with cognitive impairment in the Mexican cohort
only. Head trauma was associated with cognitive impairment
only in the Argentinean cohort. Depression was associated with
dementia only in the Cuban cohort. In the current study, we
additionally identified not eating fish, fruit and vegetables as
a risk factor for dementia. Differences in study design, sample
characteristics and definition of the outcome likely explain
variations in the findings across the three cohorts. The differences
in risk profiles also suggest that intervention strategies require
tailoring to the characteristics of the country.
Implications for Health Promotion
The current findings confirm that lifestyle and health factors are
important contributors to the risk of dementia in Cuban older
adults. The finding that lifestyle factors are important at older
ages highlight that lifestyle interventions should not only focus
on midlife, but should be continued in older ages. In the younger
age group, depression and stroke were important risk factors
for dementia. Given the large overlap in risk factors for stroke
and dementia, health promotion programs targeting stroke will
also help delay the onset of dementia and vice versa. Whether
depression causes dementia, is a consequence of dementia or the
two conditions are simply coinciding, is still up for debate (45,
46). We recommend that future studies evaluating depression
treatment should include cognitive outcomes to examine whether
adequate treatment of depression can lower dementia risk.
Strengths and Limitations
While the 10/66 cohort offers the best available data on incident
dementia and its risk factors in Cuba, the study was relatively
underpowered. Interpretation of the findings should take into
account the relatively small sample and number of participants
with incident dementia during the 4.5 years follow-up, resulting
in wide confidence intervals. To maintain the maximum amount
of available information and representativeness of the sample,
we imputed missing values. Most missing values were due to
blood samples being taken only in a subsample. About a third of
participants (n = 806) were lost to follow-up; the main reason
being death (n = 608). Participants whose data were included
in the analyses were younger, healthier, and had better lifestyles.
Hence the current results are representative for a somewhat
more vital community-dwelling older population. While this
study benefited from the comprehensive assessment of potential
risk factors in this cohort, we may have missed factors that
were not measured, for example, cognitive stimulation, social
activity, other dietary components, exposure to air pollution and
traumatic life events (47–49).
CONCLUSION
In conclusion, risk profiles for incident dementia differ for 65–
74 year old adults and ≥75 year old adults in Cuba. In the
younger age group, education, depression, stroke, and physical
activity were associated with a higher dementia risk. In the
older age group, smoking, physical activity, and not eating fish
were associated with a higher dementia risk. Thus, modifiable
lifestyle factors play an important role in developing dementia
in Cuban older adults, even at higher ages. This knowledge
opens up opportunities for development and implementation of
preventive strategies. Preventive strategies may require tailoring
to age groups.
DATA AVAILABILITY STATEMENT
Publicly available datasets were analyzed in this study. A request
for access to the 10/66 Dementia Research Group data can be
submitted to dementiaresearchgroup1066@kcl.ac.uk.
AUTHOR CONTRIBUTIONS
GP, JLG, KY, and JLR were responsible for the study design.
GP and AA were responsible for the data analyses. GP was
responsible for drafting the manuscript. All authors contributed
to interpretation of the findings, provided critical feedback on
drafts of the manuscript, and approved the final manuscript.
Frontiers in Public Health | www.frontiersin.org 8 September 2020 | Volume 8 | Article 481
Peeters et al. Risk Factors for Incident Dementia
FUNDING
This work was supported by the Alzheimer’s Association and
Alzheimer’s Society (GBHI ALZ UK-19-588148). GP, JLG, and
AA are Atlantic Fellows for Equity in Brain Health and
received fellowships from the Global Brain Health Institute.
The Cuban Aging and Alzheimer’s study is part of the 10/66
Dementia Research Group population-based research program
in Cuba funded by the Wellcome Trust Health Consequences of
Population Change Programme (GR066133—Prevalence phase
and GR08002—Incidence phase).
SUPPLEMENTARY MATERIAL




1. Alzheimer’s Disease International. World Alzheimer’s Report: The Global
Impact of Dementia, an Analysis of Prevalence, Incidence, Cost and Trends.
London: Alzheimer’s Disease International (ADI), (2015).
2. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al. Global
disparities of hypertension prevalence and control: a systematic analysis of
population-based studies from 90 countries. Circulation. (2016) 134:441–50.
doi: 10.1161/CIRCULATIONAHA.115.018912
3. World Health Organization. Global Report on Diabetes. Geneva:
WHO, (2016).
4. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global
prevalence of dementia: a systematic review and metaanalysis. Alzheimer’s
Dem. (2013) 9:63–75.e2. doi: 10.1016/j.jalz.2012.11.007
5. Alzheimer’s Disease International. World Alzheimer Report 2014: Dementia
and Risk Reduction. London (2014).
6. Barnes DE, Yaffe K. The projected effect of risk factor reduction
on Alzheimer’s disease prevalence. Lancet Neurol. (2011) 10:819–28.
doi: 10.1016/S1474-4422(11)70072-2
7. Llibre Rodriguez JJ, Ferri CP, Acosta D, Guerra M, Huang Y, Jacob
KS, et al. Prevalence of dementia in Latin America, India, and China:
a population-based cross-sectional survey. Lancet. (2008) 372:464–74.
doi: 10.1016/S0140-6736(08)61002-8
8. Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko D, Hall K,
et al. Alzheimer’s disease and vascular dementia in developing countries:
prevalence, management, and risk factors. Lancet Neurol. (2008) 7:812–26.
doi: 10.1016/S1474-4422(08)70169-8
9. Mukadam N, Sommerlad A, Huntley J, Livingston G. Population attributable
fractions for risk factors for dementia in low-income and middle-income
countries: an analysis using cross-sectional survey data. Lancet Global Health.
(2019) 7:e596–e603. doi: 10.1016/S2214-109X(19)30074-9
10. Rodriguez JJL, Cepero AV, Gil IYS, Medina AML, Llibre-Guerra JC,
Llibre-Guerra JJ, et al. Incidence of dementia and association with
APOE genotype in older Cubans. Dement Neuropsychol. (2014) 8:356–63.
doi: 10.1590/S1980-57642014DN84000009
11. Otuyama LJ, Oliveira D, Locatelli D, Machado DA, Noto AR, Galduroz
JCF, et al. Tobacco smoking and risk for dementia: evidence from the
10/66 population-based longitudinal study. Aging Mental Health. (2019).
doi: 10.1080/13607863.2019.1647140. [Epub ahead of print].
12. Downer B, Veeranki SP, Wong R. A late life risk index for severe cognitive
impairment in Mexico. JAD. (2016) 52:191–203. doi: 10.3233/JAD-150702
13. Arizaga RL, Gogorza RE, Allegri RF, Baumann PD, Morales MC,
Harris P, et al. Cognitive impairment and risk factor prevalence in a
population over 60 in Argentina. Deme Neuropsychol. (2014) 8:364–70.
doi: 10.1590/S1980-57642014DN84000010
14. Prince M, Ferri CP, Acosta D, Albanese E, Arizaga R, Dewey M, et al. The
protocols for the 10/66 dementia research group population-based research
programme. BMC Public Health. (2007) 7:165. doi: 10.1186/1471-2458-
7-165
15. Prina AM, Acosta D, Acosta I, Guerra M, Huang Y, Jotheeswaran AT,
et al. Cohort Profile: The 10/66 study. Int J Epidemiol. (2017) 46:406–i.
doi: 10.1093/ije/dyw056
16. Prince MJ, de Rodriguez JL, Noriega L, Lopez A, Acosta D, Albanese
E, et al. The 10/66 Dementia Research Group’s fully operationalised
DSM-IV dementia computerized diagnostic algorithm, compared with
the 10/66 dementia algorithm and a clinician diagnosis: a population
validation study. BMC Public Health. (2008) 8:219. doi: 10.1186/1471-245
8-8-219
17. Prince M, Acosta D, Chiu H, Scazufca M, Varghese M, Dementia
Research G. Dementia diagnosis in developing countries: a cross-
cultural validation study. Lancet (London, England). (2003) 361:909–17.
doi: 10.1016/S0140-6736(03)12772-9
18. Copeland JR, Dewey ME, Griffiths-Jones HM. A computerized psychiatric
diagnostic system and case nomenclature for elderly subjects: GMS
and AGECAT. Psychol Med. (1986) 16:89–99. doi: 10.1017/S00332917000
57779
19. Hall KS, Hendrie HC, Rodgers DD, Prince CS, Pillay N, Blue AW, et al. The
development of a dementia screening interview in two distinct languages. Int
J Meth Psychiat Res. (1993) 3:1–14.
20. Sosa AL, Albanese E, PrinceM, Acosta D, Ferri CP, GuerraM, et al. Population
normative data for the 10/66 Dementia Research Group cognitive test battery
from Latin America, India and China: a cross-sectional survey. BMC Neurol.
(2009) 9:48.doi: 10.1186/1471-2377-9-48
21. American Psychiatric Association.Diagnostic and Statistical manual of Mental
Disorders. 3rd ed. Washington, DC: AMA (1987).
22. White IR, Royston P, Wood AM. Multiple imputation using chained
equations: issues and guidance for practice. Stat Med. (2011) 30:377–99.
doi: 10.1002/sim.4067
23. Bullain SS, Corrada MM. Dementia in the oldest old. Continuum
(Minneap Minn). (2013) 19:457–69. doi: 10.1212/01.CON.0000429172.27
815.3f
24. Zhong G, Wang Y, Zhang Y, Guo JJ, Zhao Y. Smoking is associated with an
increased risk of dementia: a meta-analysis of prospective cohort studies with
investigation of potential effect modifiers. PLoS ONE. (2015) 10:e0118333.
doi: 10.1371/journal.pone.0118333
25. Corrada MM, Paganini-Hill A, Berlau DJ, Kawas CH. Apolipoprotein
E genotype, dementia, and mortality in the oldest old: the 90+ Study.
Alzheimer’s Dem. (2013) 9:12–8. doi: 10.1016/j.jalz.2011.12.004
26. Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux
R, et al. Effects of age, sex, and ethnicity on the association between
apolipoprotein E genotype and Alzheimer disease. A meta-analysis. APOE
and Alzheimer Disease Meta-Analysis Consortium. JAMA. (1997) 278:1349–
56. doi: 10.1001/jama.278.16.1349
27. Li G, Rhew IC, Shofer JB, Kukull WA, Breitner JCS, Peskind E, et al.
Age-varying association between blood pressure and risk of dementia
in those aged 65 and older: a community-based prospective cohort
study. J Am Geriatr Soc. (2007) 55:1161–7. doi: 10.1111/j.1532-5415.2007.0
1233.x
28. Ruitenberg A, Skoog I, Ott A, Aevarsson O, Witteman JC, Lernfelt B, et al.
Blood pressure and risk of dementia: results from the Rotterdam study and
the Gothenburg H-70 Study. Dement Geriatr Cogn Disord. (2001) 12:33–9.
doi: 10.1159/000051233
29. Nelson PT, Head E, Schmitt FA, Davis PR, Neltner JH, Jicha GA,
et al. Alzheimer’s disease is not “brain aging”: neuropathological, genetic,
and epidemiological human studies. Acta Neuropathol. (2011) 121:571–87.
doi: 10.1007/s00401-011-0826-y
30. Perales-Puchalt J, VidoniML, Llibre Rodríguez J, Vidoni ED, Billinger S, Burns
J, et al. Cardiovascular health and dementia incidence among older adults in
Frontiers in Public Health | www.frontiersin.org 9 September 2020 | Volume 8 | Article 481
Peeters et al. Risk Factors for Incident Dementia
Latin America: results from the 10/66 study. Int J Geriatr Psychiatry. (2019)
34:1041–9. doi: 10.1002/gps.5107
31. Albanese E, Dangour AD, Uauy R, Acosta D, Guerra M, Guerra SSG,
et al. Dietary fish and meat intake and dementia in Latin America,
China, and India: a 10/66 Dementia Research Group population-based
study. Am J Clin Nutr. (2009) 90:392–400. doi: 10.3945/ajcn.2009.
27580
32. Bakre AT, Chen R, Khutan R, Wei L, Smith T, Qin G, et al. Association
between fish consumption and risk of dementia: a new study from China and
a systematic literature review and meta-analysis. Public Health Nutr. (2018)
21:1921–32. doi: 10.1017/S136898001800037X
33. Cunnane SC, Plourde M, Pifferi F, Bégin M, Féart C, Barberger-Gateau P.
Fish, docosahexaenoic acid and Alzheimer’s disease. Prog Lipid Res. (2009)
48:239–56. doi: 10.1016/j.plipres.2009.04.001
34. Johansson L, Guerra M, Prince M, Hörder H, Falk H, Stubbs B, et al.
Associations between depression, depressive symptoms, and incidence of
dementia in latin america: a 10/66 dementia research group study. J
Alzheimer’s Dis. (2019) 69:433–41. doi: 10.3233/JAD-190148
35. Ojagbemi A, Owolabi M, Bello T, Baiyewu O. Stroke severity predicts
poststroke delirium and its association with dementia: longitudinal
observation from a low income setting. J Neurol Sci. (2017) 375:376–81.
doi: 10.1016/j.jns.2017.02.039
36. Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors
associated with pre-stroke and post-stroke dementia: a systematic
review and meta-analysis. Lancet Neurol. (2009) 8:1006–18.
doi: 10.1016/S1474-4422(09)70236-4
37. Dos Santos Matioli MNP, Suemoto CK, Rodriguez RD, Farias DS,
da Silva MM, Leite REP, et al. Diabetes is not associated with
alzheimer’s disease neuropathology. J Alzheimer’s Dis. (2017) 60:1035–43.
doi: 10.3233/JAD-170179
38. Loughrey DG, Kelly ME, Kelley GA, Brennan S, Lawlor BA. Association of
age-related hearing loss with cognitive function, cognitive impairment, and
dementia: a systematic review and meta-analysis. JAMA Otolaryngol. (2018)
144:115–26. doi: 10.1001/jamaoto.2017.2513
39. Panza F, Lozupone M, Sardone R, Battista P, Piccininni M, Dibello V,
et al. Sensorial frailty: age-related hearing loss and the risk of cognitive
impairment and dementia in later life. Ther Adv Chronic Dis. (2018)
10:2040622318811000. doi: 10.1177/2040622318811000
40. Brenowitz WD, Kaup AR, Lin FR, Yaffe K. Multiple sensory impairment
is associated with increased risk of dementia among black and white
older adults. J Gerontol Series A Biol Sci Med Sci. (2019) 74:890–6.
doi: 10.1093/gerona/gly264
41. Naël V, Pérès K, Dartigues J-F, Letenneur L, Amieva H, Arleo A, et al. Vision
loss and 12-year risk of dementia in older adults: the 3C cohort study. Eur J
Epidemiol. (2019) 34:141–52. doi: 10.1007/s10654-018-00478-y
42. Rogers MAM, Langa KM. Untreated poor vision: a contributing factor to late-
life dementia. Am J Epidemiol. (2010) 171:728–35. doi: 10.1093/aje/kwp453
43. Jefferis JM, Mosimann UP, Clarke MP. Cataract and cognitive
impairment: a review of the literature. Br J Ophthalmol. (2011) 95:17–23.
doi: 10.1136/bjo.2009.165902
44. Shi L, Chen S-J, Ma M-Y, Bao Y-P, Han Y, Wang Y-M, et al. Sleep disturbances
increase the risk of dementia: a systematic review and meta-analysis. Sleep
Med Rev. (2018) 40:4–16. doi: 10.1016/j.smrv.2017.06.010
45. Bennett S, Thomas AJ. Depression and dementia: cause,
consequence or coincidence? Maturitas. (2014) 79:184–90.
doi: 10.1016/j.maturitas.2014.05.009
46. Halahakoon DC, Lewis G, Roiser JP. Cognitive impairment and depression-
cause, consequence, or coincidence? JAMA Psychiatry. (2019) 76:239–40.
doi: 10.1001/jamapsychiatry.2018.3631
47. Peeters G, Kenny RA, Lawlor B. Late life education and cognitive function in
older adults. Int J Geriatr Psychiatry. (2020) 35:633–9. doi: 10.1002/gps.5281
48. Litwin H, Schwartz E, Damri N. Cognitively stimulating leisure activity and
subsequent cognitive function: a share-based analysis. Gerontologist. (2017)
57:940–8. doi: 10.1093/geront/gnw084
49. Guerchet M, Mouanga AM, M’Belesso P, Tabo A, Bandzouzi B, Paraïso MN,
et al. Factors associated with dementia among elderly people living in two
cities in Central Africa: the EDAC multicenter study. JAD. (2012) 29:15–24.
doi: 10.3233/JAD-2011-111364
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Peeters, Almirall Sanchez, Llibre Guerra, Lawlor, Kenny, Yaffe
and Llibre Rodriguez. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Public Health | www.frontiersin.org 10 September 2020 | Volume 8 | Article 481
